SEMICONDUCTOR DEVICE AND 
A METHOD OF FABRICATING THE SAME 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a semiconductor device 
and a method of fabricating it, and more particularly to reduction 
of the number of mask steps in a process of fabricating a power 
MOSFET, and the like. 

2 . Description of the Related Art 

Hereinafter, a power MOSFET of the prior art will be 
described with reference to the drawings. Fig. 19 is a section 
view showing the structure of a planar type power MOSFET of the 
prior art. 

In the power MOSFET, as shown in Fig. 19, a drain layer 
2 consisting of an n- epitaxial layer is formed on an n+ 
semiconductor substrate 1, and a channel layer 3 is formed in a 
part of the drain layer by diffusion of a p-type impurity. A body 
region layer 5 is formed at the center of the channel region by 
diffusing a p+ impurity. A source region layer 4 which is formed 
by diffusion of an n+ impurity is disposed in the surface layer 
of the channel layer 3 so as to surround the body region layer. 

A gate insulating film 6 and a gate electrode 7 are 
sequentially formed on the channel layer 3 so as to overlap with 
a part of the channel layer 3 and the source region layer 4 . A 
PSG (Phospho-Silicate Glass) film 8 is formed so as to cover the 



gata insulating film and the gate electrode. In the PSG film 8, 
an opening is formed in the region where the body region layer 
5 is formed and a part of the region where the source region layer 
4 is formed. The body region layer 5 and the part of the source 
region layer 4 are partly exposed. A wiring layer 9 for contact 
to the body region layer 5 and a part of the source region layer 
4 is formed so as to cover the layers and the PSG film 8. 

The steps of fabricating the power MOSFET will be 
described with reference to Figs. 20 to 25. 

First, the n- drain layer 2 is formed on the n+ 
semiconductor substrate 1 by epitaxial growth. Next, a thick 
oxide film is formed on the drain layer, and a photolithography 
process selectively forms a resist film. A patterning process 
is conducted on the thick oxide film with using the resist film 
as a mask, and then an oxide film, which will be formed as the 
gate insulating film is again formed. Although the thick oxide 
film is not shown in any of Figs. 20 to 25, the thick oxide film 
is required in a region where a bonding pad is to be formed. 

Thereafter, a polysilicon layer is formed on the entire 
surface of the semiconductor substrate, a photoresist film is 
formed, and then a patterning process is conducted by the 
photolithography method. The polysilicon layer and the oxide 
film are etched with using the patterned resist film as a mask, 
so that the gate insulating film 6 and the gate electrode 7 are 
formed as shown in Fig. 20. 

Next, a p-type impurity is injected with using the gate 
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insulating film 6 and the gate electrode 7 as a mask, to form the 
channel layer 3 on the drain layer 2 as shown in Fig. 21 . 

As shown in Fig. 22, a photoresist is then applied to the 
entire surface, and a patterning process is conducted by the 
5 photolithography method so that an opening is formed in a part 
of the channel layer 3. A p-type impurity is injected into the 
channel layer 3 with using the patterned resist film PR1 as a mask, 
to form the body region layer 5 . 

As shown in Fig. 23, the patterned resist film PRl is then 
10 removed away, a photoresist is again applied to the entire surface, 
and then patterned by the photolithography method so that a resist 
film PR2 is formed on the region where the body region layer 5 
is formed, and an n-type impurity is thereafter injected into the 
channel layer 3 with using the resist film PR2 , the gate electrode 
15 6, and the like as a mask . 

Thereafter, the PSG film 8 is formed on the entire surface 
as shown in Fig . 24. A photoresist {not shown) is again applied 
and the resist is patterned by the photolithography method so that 
an opening is formed on the body region layer 5 and a part of the 
2 0 source region layer 4. 

Next, the PSG film 8 is etched with using the resist as 
a mask to expose the regions of the body region layer 5 and a part 
of the source region layer 4 (Fig. 25) . 

A film of a metal such as aluminum is then formed on the 
2 5 entire surface by sputtering or vapor deposition. A resist film 
is formed, and then patternedby the photolithography method . The 



metal film is etched away with using the patterned resist film 
as a mask to form the wiring layer 9 , thereby completing the power 
MOSFET having the structure shown in Fig. 19. 

In the above, a planar type power MOSFET has been 
described. As a power MOSFET of another kind, known is a trench 
type power MOSFET in which a trench is formed in a substrate and 
a gate electrode is embedded in the trench. 

Hereinafter, a trench type power MOSFET will be described 
with reference to Fig. 26. 

As shown in Fig. 26, the power MOSFET comprises a 
semiconductor substrate 11, an n- drain layer 12 which is formed 
on the substrate by epitaxial growth, and a p-type channel layer 
13 . 

In a part of the channel layer 13 and the drain layer 12, 
a trench which passes through the layers is formed. A gate 
insulating film 16 made of an oxide film or the like is formed 
on the inner face of the trench. A gate electrode 17 made of 
poiysilicon or the like is formed so as to fill the trench. 

A source region layer 15 of an n+ impurity is formed in 
the surface of the channel layer 13 so as to be on both the sides 
of the gate electrode 17. A p+ body region layer 14 is formed 
at a center portion of the source region layer 15 . 

A PSG film 18 is formed so as to cover the gate electrode 
17 . An opening is formed in a part of the PSG film 18 . The body 
region layer 14, and a part of the source region layer 15 which 
surrounds the body region layer are exposed through the opening. 



A wiring layer 19 for contact to the body region layer 14 and 
the part of the source region layer 15 , is formed on the layers 
and the PSG film 18 . 

For the above -de scribed planar type power MOSFET , a 
photomask for a photolithography process for patterning is 
required in each of the following steps : 

1) the step of forming the mask for forming the thick oxide 
film for the bonding pad, 

2) the step of forming the patterning mask for forming 
the gate electrode (Fig . 20) , 

3) the step of forming the resist mask for forming the 
body region 5 (Fig . 22 ) , 

4) the step of forming the resist mask for forming the 
source region 4 (Fig. 23) , 

5) the step of forming the resist mask in the case where 
the contact hole of the source region 4 is formed in the PSG film 
8 (Fig. 25) , and 

6) the step of forming the resist mask for patterning the 
wiring layer . 

As a result, six photomasks are required in total. 

Therefore , problems in that the number of mask steps and 
accompanying steps is very large, that the production process is 
complicated, and that the production cost is high are produced. 

In the production process of a trench type power MOSFET , 
a body region layer and a source region layer are formed with using 



a photoresist as a mask. Therefore, the fine patterning is 
limited and it is difficult to increase the cell density. 

SUMMARY OF THE INVENTION 
5 The invention has been conducted in view of the defects 

of the prior art. The object of the invention is to provide a 
power MOSFST Device with a high cell density. 

Another object of the invention is to reducing the number 
of steps in a process fabricating a power MOSFET . 

10 The object can be attained by the following configurations . 

As shown in Fig. 1 , a first aspect of the present invention 
is a device of a semiconductor device, which comprises: a 
semiconductor substrate of a f irs tconduction type; a drain layer 
of the first conduction type and formed on a surface layer of the 

15 semiconductor substrate; a gate insulating film formed in a 

partial region on the drain layer; a gate electrode formed on the 
gate insulating film; an insulating film formed on the gate 
electrode; a side wall insulator formed on side walls of the gate 
insulating film, the gate electrode, and the insulating film; a 

20 recess formed on the drain layer and in a region other than a region 
where the gate electrode and the side wall insulator are formed; 
a channel layer of an opposite conduction type and formed in a 
range from the region where the recess is formed to a vicinity 
of the region where the gate electrode is formed; a source region 

2 5 layer of the one conduction type and formed on the channel layer 
in a region outside the recess ; and a wiring layer formed to cover 



the channel layer which is exposed through the recess, the side 
wall insulator, and the insulating film. 

A second aspect of the present invention is a device of 
semiconductor device , which comprises : a semiconductor substrate 
5 of one conduction type; a drain layer of the one conduction type 
and formed on a surface layer of the semiconductor substrate; a 
channel layer of an opposite conduction type and formed on the 
drain layer; a trench which passes through the channel layer to 
reach the drain layer; a gate insulating film formed in a region 

10 from an inner wall of the trench to the channel layer in the 
periphery of a region where the trench is formed; a gate electrode 
formed on the gate insulating film to fill the trench; an 
insulating film formed on the gate electrode; a side wall 
insulator formed on side walls of the gate insulating film, the 

15 gate electrode, and the insulating film; a recess formed on a part 
of the channel layer in a region other than a region where the 
gate electrode and the side wall insulator are formed; a source 
region layer formed on the channel layer in a region outside the 
recess; a body region layer formed on the channel layer which is 

20 below a region where the recess is formed; and a wiring layer formed 
to cover the source region layer, the body region layer, the side 
wall insulator, and the insulating film. 

A third aspect of the present invention is a method of 
fabricating a semiconductor device comprises the steps of: 

2 5 forming a drain layer of one conduction type on a surface layer 
of a semiconductor substrate of the one conduction type; forming 



a first insulating film on the drain layer; forming a conductive 
layer on the first insulating film; forming a second insulating 
film on the conductive layer; patterning the second insulating 
film, the conductive layer, and the first insulating film, to form 
5 a gate insulating film from the first insulating film, and a gate 
electrode from the conductive layer; implanting an impurity of 
an opposite conduction type" into a surface layer of the drain layer 
with using the gate electrode as a mask, thereby forming a channel 
region layer; implanting an impurity of the one conduction type 

10 into the channel region layer with using the gate electrode as 
a mask, thereby forming a one conduction type impurity region 
layer; forming a third insulating film which covers a surface of 
the one conduction type impurity region layer, side walls of the 
gate insulating film, the gate electrode, and the second 

15 insulating film, and an upper face of the second insulating film; 
etching back the third insulating film to form a side wall 
insulator consisting of the third insulating film, on side walls 
of the gate insulating film, the gate electrode, and the second 
insulating film, and etching the one conduction type impurity 

20 region layer to form a recess, thereby forming a source region 
layer consisting of a part of the one conduction type impurity 
region layer; and forming a metal layer on an entire surface, and 
patterning the metal layer, thereby forming a wiring layer. 

A fourth aspect of the present invention is method of 

25 fabricating a semiconductor device comprises the steps of: 

forming a drain layer of one conduction type on a surface layer 



of a semiconductor substrate of the one conduction type, and then 
diffusing an impurity of an opposite conduction type into a whole 
surface layer of the drain layer, thereby forming a channel layer; 
forming a plurality of trenches which pass through the channel 
5 layer to reach the drain layer; forming a first insulating film 
on an inner wall of each of the trenches and a surface of the channel 
layer; forming a conductive layer on the first insulating film; 
forming a second insulating film on the conductive layer ; 
patterning the second insulating film, the conductive layer, and 

10 the first insulating film with using a same mask, to form a gate 
insulating film from the first insulating film, and a gate 
electrode from the conductive layer; implanting an impurity of 
the one conduction type into a surface layer of the channel layer 
with using the gate electrode as a mask, thereby forming a one 

15 conduction type impurity region layer; forming a third insulating 
film on an entire surface; etching back the third insulating film 
to form a side wall insulator which covers side walls of the gate 
insulating film, the gate electrode, and the first insulating 
film; applying a photoresist on an entire surface, performing 

20 exposure and developing processes to form an opening at a center 
portion of the one conduction type impurity region layer, and 
performing an etching process with using the resist film as a mask, 
thereby forming a recess which passes through the center portion 
of the one conduction type impurity region layer and reaches the 

25 channel layer, and forming a source region layer consisting of 
a part of the one conduction type impurity region layer; 



implanting an impurity of the opposite conduction type into a 
lower portion of the recess, with using the resist film as a mask, 
thereby forming a body region layer; and removing the resist film, 
forming a metal layer which covers the source region layer , the 
body region layer , the side wall insulator, and the second 
insulating film, and patterning the metal layer, thereby forming 
a wiring layer. 



BRIEF DESCRIPTION OF THE DRAWINGS 
10 Fig. 1 is a section view illustrating the 

structure of a planar type power MOSFET according to a first 
embodiment of the invention. 

Fig. 2 is a section view illustrating a method 
of fabricating the power MOSFET according to the first embodiment 
15 of the invention. 

Fig . 3 is a section view illustrating the method 
of fabricating the power MOSFET according to the first embodiment 
of the invention. 

Fig. 4 is a section view illustrating the method 
2 0 of fabricating the power MOSFET according to the first embodiment 
of the invention . 

Fig. 5 is a section view illustrating the method 
of fabricating the power MOSFET according to the first embodiment 
of the invention . 
2 5 Fig . 6 is a view illustrating the structure of 

a planar type power MOSFET according to a second embodiment of 



the invention . 

Fig . 7 is a section view illustrating a method 
of fabricating the power MOSFET according to the second embodiment 
of the invention . 

Fig. 8 is a section view illustrating the method 
of fabricating the power MOSFET according to the second embodiment 
of the invention . 

Fig . 9 is a section view illustrating the method 
of fabricating the power MOSFET according to the second embodiment 
of the invention . 

Fig. 10 is a section view illustrating the method 
of fabricating the power MOSFET according to the second embodiment 
of the invention . 

Fig. 11 is a section view illustrating the method 
of fabricating the power MOSFET according to the second embodiment 
of the invention . 

Fig. 12 is a view illustrating the structure of 
a trench type power MOSFET according to a third embodiment of the 
invention . 

Fig . 13 is a section view illustrating a method 
of fabricating the power MOSFET according to the third embodiment 
of the invention . 

Fig. 14 is a section view illustrating the method 
of fabricating the power MOSFET according to the third embodiment 
of the invention. 

Fig. 15 is a section view illustrating the method 



of fabricating the power MOSFET according to the third embodiment 
of the invention . 

Fig. 16 is a section view illustrating the method 
of fabricating the power MOSFET according to the third embodiment 
5 of the invention. 

Fig. 17 is a section view illustrating the method 
of fabricating the power MOSFET according to the third embodiment 
of the invention . 

Fig. 18 is a section view illustrating the method 
10 of fabricating the power MOSFET according to the third embodiment 
of the invention . 

Fig. 19 is a section view illustrating the 
structure of a planar type power MOSFET of the prior art. 

Fig. 20 is a section view illustrating a method 
15 of fabricating the power MOSFET of the prior art. 

Fig. 21 is a section view illustrating the method 
of fabricating the power MOSFET of the prior art. 

Fig. 22 is a section view illustrating the method 
of fabricating the power MOSFET of the prior art. 
2 0 Fig. 23 is a section view illustrating the method 

of fabricating the power MOSFET of the prior art . 

Fig. 24 is a section view illustrating the method 
of fabricating the power MOSFET of the prior art. 

Fig . 25 is a section view illustrating the method 
2 5 of fabricating the power MOSFET of the prior art. 

Fig . 2 6 is a section view illustrating the 



structure of a trench type power MOSFET of the prior art. 



Description of the preferred Embodiments 
First Embodiment 

5 Hereinafter, a planar type power MOSFET according to a 

first embodiment of the invention will be described with reference 
to the accompanying drawings . 

Fig. 1 is a section view showing the structure of a planar 
type power MOSFET according to the embodiment. In the 
10 specification, an n-channel transistor will be described as an 
example. The embodiment can be applied also to a p- channel 
transistor. 

In the power MOSFET, as shown in Fig. 1. a drain layer 
22 consisting of an n- epitaxial layer is formed on an n+ 
15 semiconductor substrate 21. A gate insulating film 25, a gate 
electrode 26, and an NSG film 27 are sequentially formed in a part 
of the drain layer 22. 

A side wall insulator 2 8 which similarly consists of an 
NSG film is formed on side walls of the gate insulating film 25, 
20 the gate electrode 26, and the NSG film 27. 

A channel layer 23 is formed by diffusion of a p-type 
impurity on the epitaxial layer 22 and on both the sides of the 
region where the gate insulating film 25, the gate electrode 26, 
and the NSG film 27 are formed. A recess in which end portions 
2 5 respectively coincide with side ends of the side wall insulator 
2 8 is formed at a center portion of the channel layer 23. An n+ 



source region layer 24 is formed so as to surround the recess. 

A wiring layer 2 9 consisting of a film of a metal such, 
as aluminum is formed so as to cover the channel layer 23, the 
side wall insulator 28 , and the NSG film 27 in the recess , thereby 
5 enabling a contact to the source region layer 24 to be established. 

Hereinafter, a method of fabricating the power MOSFET 
having the above -de scribed structure will be described with 
reference to the drawings . Figs . 2 to 5 are section views 
illustrating the method of fabricating the power MOSFET according 
10 to the embodiment. 

First, the n- drain layer 22 is formed on the n+ 
semiconductor substrate 21 by epitaxial growth. Next, a thick 
oxide film having a thickness of about 5,000 to 10 , 000 A is formed 
on the drain layer, and a photolithography process selectively 
15 forms a resist film. The oxide film is patterned by etching with 
using the resist film as a first mask . Al though the thick oxide 
film is not shown in any of Figs . 2 to 5 , the thick oxide film 
is required in a region where a bonding pad will be formed later. 
Thereafter, an oxide film 25A which will be formed as the gate 
20 insulating film is again grown . 

Thereafter, a polysilicon layer 26A having a thickness 
of about 5,000 A is formed on the upper entire surface of the oxide 
film, and the NSG film 27 having a thickness of about 5,000 to 
10,000 A is then formed on the entire surface . A photoresist is 
2 5 applied to the entire surface , and then patterning is performed 
by exposure and developing processes , thereby forming a resist 



film PR. As a result of the steps described above , the structure 
of Fig. 2 in which the patterned resist film PR is formed on the 
upper face is obtained. 

Next , the NSG film 27, the polysilicon layer 2 6A, and the 
5 oxide film 25A are subjected to dry etching with using the 

patterned resist film PR as a mask, so that the gate insulating 
film 25 and the gate electrode 2 6 are simultaneously formed as 
shown in Fig. 3 . 

Thereafter , boron which is a p-type impurity is injected 
10 with using the gate insulating film 25 and the gate electrode 2 6 
as a mask and under conditions of a dose amount of 5 x 10 13 /cm 2 
and an acceleration voltage of 80 keV, thereby forming the channel 
layer 23 on the n- epitaxial layer 22 . 

In succession to this step, as which is an n-type impurity 
15 is injected with using the gate insulating film 25 and the gate 
electrode 2 6 as a mask and under conditions of a dose amount of 
1 x 10 ls /cm 2 and an acceleration voltage of 140 keV, thereby forming 
an n+ impurity diffusion layer 24A in the surface. 

Next, an NSG film 28A having a thickness of 8,000 A is 
20 formed on the entire surface. As a result of the steps described 
above, the structure of Fig. 4 is obtained. 

Thereafter, the entire surface is etched back by 
anisotropic etching. 

As a result of this step, the side wall insulator 28 is 
25 formed on the side walls of the gate insulating film 25, the gate 
electrode 26, and the NSG film 27, and at the same time a part 



of the channel layer 23 is etched, with the result that a recess 
OB having a depth of about 0.2 to 0.6 \ixa is formed in the layer. 

The formation of the recess OB causes the n+ impurity 
diffusion layer 24A to form the_ source region layer 24 penetrated 
5 by the recess OB, as shown in Fig. 5, and the source region layer 
24 to be simultaneously formed. 

Thereafter, boron is implanted under conditions of 35 keV 
and 5 x 10 13 /cm 2 to form a p+ body contact 23A. 

Next, a film of a metal such as aluminum and having a 
10 thickness of about 3 um is formed on the entire surface by vapor 
deposition or sputtering, and then patterned, thereby completing 
the planar type power MOSFET shown in Fig . 1 . 

In the method of fabricating a semiconductor device 
according to the embodiment, the NSG film 2 7 is formed on the gate 
1 5 electrode 2 6 , the NSG film 28A is then formed on the entire surface , 
the NSG film is etched back to form the side wall insulator 28, 
and the recess OB is formed in the epitaxial layer 22, thereby 
forming the source region layer 24. Therefore, a photomask step 
which, in the prior art, must be conducted in the patterning for 
2 0 forming the source region 2 4 is not required. 

In the entire process of the first embodiment of the 
invention, a photomask is required only in the following three 
steps : 

1) the step of forming the mask for forming the thick oxide 
2 5 film for the initial bonding pad, 

2) the step of forming the patterning mask for forming 
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the gate electrode (Fig. 2) , and 

3) the step of forming the mask for forming the wiring 

layer . 

In the embodiment, as described above, it is required to 
5 use only the three photomasks in total . Unlike the prior art in 
which six photomasks are used, the problems in that the number 
of mask steps and accompanying steps is very large, that the 
production process is complicated, and that the production cost 
is high can be suppressed. Although it is sometimes required to 
10 use one more mask for forming a gate contact, the number of the 
total mask is reduced. Further plurality of the power MOSFSTs can 
be integrated on a cell region of a substrate in a matrix structure . 

Further, according to the first embodiment, since the 
recess is formed so as to be coincided with the end of the side 
15 wall insulator 38, a length between the source contact region and 
channel region is reduced and as a result, ON-resistance of the 
power MOSFST is reduced . 

Second Embodiment 
20 Hereinafter, a second embodiment of the invention will 

be described with reference to the accompanying drawings . 

Fig. 6 is a section view illustrating the structure of 
a planar type power MOSFET according to the second embodiment of 
the invention . 

2 5 As shown in Fig . 6, the power MOSFET according to the 

second embodiment of the invention is very similar in structure 



to the power MOSFET of the first embodiment which has been 
described with respect to Fig . 1 . The embodiment is different 
from the first embodiment in that a p+ body region 40 is formed 
in a source region layer 34, that the source region layer 34 is 
5 wider than the source region layer of the first embodiment, and 
that the upper face of the layer is exposed. 

In the power MOSFET according to the second embodiment 
of the invention, as shown in Fig. 6, an n- epitaxial layer 32 
is formed on an n+ semiconductor substrate 31 . A gate insulating 

10 film 35, a gate electrode 36, and an NSG film 37 are sequentially 
formed in a part of the epitaxial layer 32 . 

A side wall insulator 38 which similarly consists of an 
NSG film is formed on side walls of the gate insulating film 35. 
the gate electrode 36, and the NSG film 37. 

15 A channel layer 33 is formed by diffusion of a p-type 

impurity on the epitaxial layer 32 and on both the sides of the 
region where the gate insulating film 35, the gate electrode 36, 
and the NSG film 37 are formed. A recess in which end portions 
respectively are disposed inside of side ends of the side wall 

2 0 insulator 38 is formed at a center portion of the channel layer 
33 . An n+ source region layer 34 is formed so as to surround the 
recess . 

A wiring layer 39 consisting of a film of a metal such 
as aluminum is formed so as to cover the channel layer 33, the 
2 5 side wall insulator 38, and the NSG film 37 in the recess, thereby 
enabling a contact to the source region layer 34 to be established. 
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Hereinafter, a method of fabricating the power MOSFET 
having the above-described structure will be described with 
reference to the drawings. Figs. 7 to 11 are section views 
illustrating the method of fabricating the power MOSFET according 
5 to the embodiment . 

First, the n- epitaxial layer 32 is formed on the n+ 
semiconductor substrate 31 by epitaxial growth. Next, a thick 
oxide film is formed on the epitaxial layer, and then patterned. 
Thereafter, an oxide film which will be formed as the gate 
10 insulating film is again grown. Although the thick oxide film 
is not shown in any of Figs. 7 to 11, the thick oxide film is 
required in a region where a bonding pad is to be formed. 

Thereafter, a polysiiicon layer is formed on the whole 
of the upper face, and an NSG film is formed on the entire surface. 
15 A photoresist is applied to the entire surface, and then 

patterning is performed by exposure and developing processes . 

Next, the NSG film 37 , the polysiiicon layer 36A, and the 
oxide film 35A are patterned by etching with using the patterned 
resist film PR as a mask, so that the gate insulating film 35 and 
2 0 the gate electrode 3 6 are simultaneously formed as shown in Fig. 
7 and the NSG film 37 having the same pattern as the gate insulating 
film and the gate electrode is obtained. 

Thereafter, a p-type impurity is injected with using the 
gate insulating film 35 and the gate electrode 3 6 as a mask, thereby 
2 5 forming the p-type channel layer 33 on the n- epitaxial layer 32 
as shown in Fig. 8 . In succession to this step, an n-type impurity 
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is injected with using the gate insulating film 35 and the gate 
electrode 36 as a mask, thereby forming an n+ impurity diffusion 
layer 34A in the surface . 

Next, an NSG film 38A is again formed on the entire surface , 
and a photoresist is applied to the entire surface. Then, 
patterning is performed by exposure and developing processes with 
using the photomask, thereby forming an opening in the resist PR 
in the region where the body region 40 will be formed later (Fig. 
9) • 

The n+ impurity diffusion layer 34A formed on the surface 
of epitaxial layer 32 is etched away with using the resist PR as 
a mask, thereby forming a recess OB2 . As a result, the region 
layer 34 is formed. Thereafter, a p-type impurity is injected 
into the recess OB2 to form the body region 40 (Fig. 10) . 

Thereafter, the resist is removed away and the entire 
surface is etched back by anisotropic etching. As a result of 
this step as shown in Fig . 11 , the side wall insulator 38 is formed 
on the side walls of the gate insulating film 35 , the gate electrode 
36, and the NSG film 37, and at the same time the source region 
34 is exposed. And then if required, gate contact region is formed 
(not shown) . 

Next, a film of a metal such as aluminum is formed on the 
entire surface by vapor deposition or sputtering, and then 
patterned, thereby completing the planar type power MOSFET shown 
in Fig. 6. 

In the method of fabricating a semiconductor device 



according to the embodiment, the NSG film 37 is formed on the gate 
electrode 36 , the NSG film 38A is then formed on the entire surface , 
the NSG film is etched back to form the side wall insulator 38 , 
and the recess OB2 for forming ..the body region is formed in the 
epitaxial layer 32, thereby forming the source region layer 34. 

Therefore, a photomask step which, in the prior art, must be 
conducted in the patterning for forming the source region is not 
required. 

In the entire process of the second embodiment of the 
invention, a photomask is required only in the following four 
steps : 

1) the step of forming the mask for forming the thick oxide 
film for the initial bonding pad, 

2) the step of forming the patterning mask for forming 
the gate electrode (Fig. 7) , 

3) the step of forming the mask for forming the recess 
for forming the body region (Fig. 9) , and 

4) the step of forming the mask for forming the wiring 

layer . 

In the embodiment, as described above, it is required to 
use only the four photomasks in total. Unlike the prior art in 
which six photomasks are used, the problems in that the number 
of mask steps and accompanying steps is very large, that the 
production process is complicated, and that the production cost 
is high can be suppressed. 

The conditions such as thickness of the films in the 



second embodiment are identical with those of the first embodiment, 
and hence their description is omitted. Further plurality of the 
power MOSFETs can be integrated on a cell region of a substrate 
in a matrix structure . 
5 Further, according to the second embodiment, since the 

recess is selectively formed at a center portion on a surface of 
the source region, a contact area of the wiring layer contact with 
the source region is sufficiently large and as a result, ON- 
resistance of the power MOSFET is reduced and an endure against 
1 0 avalanche is improved . 



Third Embodiment 

Hereinafter, a power MOSFET having a trench structure 
according to the embodiment of the invention will be described 
15 with reference to the accompanying drawings . Fig . 12 is a section 
view illustrating the structure of the power MOSFET according to 
the embodiment. 

First, the structure of the power MOSFET will be 
described . 

2 0 In the power MOSFET , as shown in Fig . 12 , an n- drain layer 

42 is formed by epitaxial growth on a semiconductor substrate 41 
made of n+ silicon . A channel layer 43 consisting of a p+ impurity 
diffusion layer is formed on the surface layer of the drain layer 
42 . In the semiconductor substrate 41, trench which passes 

2 5 through the channel layer 43 to reach to the drain layer 42 on 
the substrate are formed. (The channel layer 43 can be formed 

_ 2 2- 



by epitaxtial growth . ) A gate insulating film 46 made of a silicon 
oxide film having a thickness of about 500 A is formed on the 
surface of each trench . 

A gate electrode 47 made of polysilicon is formed on the 
gate insulating film 46 so as to fill the trench . 

A recess is formed in a part of the surface layer of the 
channel layer 43 which is penetrate into plural portions by the 
trench. A source region layer 45 consisting of an n+ impurity 
diffusion layer is formed on the channel layer 43 and so as to 
surround the recess. A body region layer 44 consisting of a p+ 
impurity diffusion layer is formed in the channel layer 43 below 
the recess. The source region layer may be formed before the 
formation of the trench . 

An NSG film 48 having the same pattern as the gate 
electrode 47 is formed so as to cover the upper portion of the 
gate electrode 47. Furthermore, a side wall insulator 49 which 
also is made of an NSG film is formed on the side walls of the 
NSG film 48, the gate electrode 47, and the gate insulating film 
46. 

A wiring layer 50 consisting of a film of a metal such 
as aluminum and having a thickness of about 3 um is formed so as 
to cover the NSG film 48, the side wall insulator 49 , the exposed 
source region layer 45 , and the body region layer 44 . 

Hereinafter, a method of fabricating the trench type 
power MOSFET will be described with reference to the drawings . 
Figs. 13 to 18 are section views illustrating the method of 



fabricating the power MOSFET according to the embodiment. 

First, the n- drain layer 42 is formed on the n+ 
semiconductor substrate 41 by epitaxial growth. Next, boron 
which is a p+ impurity is injected into the entire surface of the 
5 surface layer of the drain layer 42 under conditions of a dose 
amount of 5 x 10 13 /cm 2 , thereby forming the channel layer 43 . The 
channel layer 43 can be formed by epitaxial growth. 

Next, a resist mask is formed, and an etching process is 
performed with using it as a mask , thereby forming the trench which 
10 passes through the channel layer 43 to reach the drain layer 42. 

The entire surface is then oxidized to form the gate 
insulating film 46 which extends over from the surface of the 
channel layer 43 to the inner wall of trench. Apolysiiicon layer 
47A is formed on the upper face of the film by the CVD method so 
15 as to have a thickness of about 5,000 A. 

Thereafter , an NSG film 48 is formed on the entire surface , 
thereby obtaining the structure of Fig . 13 . 

Next, a photoresist is applied to the entire surface , and 
patterning is performed by exposure and developing processes , 
20 thereby causing the photoresist to selectively remain on the NSG 
film 48 in the region including that where the trench is formed. 

The polysilicon layer 47A and the NSG film 48 are etched away 
with using the photoresist as a mask to form the gate electrode 
47 . Next, an n+ impurity is injected into the channel layer 43 
2 5 with using the gate electrode as a mask, thereby forming an n-type 
impurity region layer 45A (Fig. 14) . 
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As shown in Fig . 15, thereafter, an NSG film 49A having 
a thickness of 8,000 A is formed on the entire surface . 

As shown in Fig . 16 , the entire surface is etched back 
to form the side wall insulator 4 9 on the side walls of the gate 
electrode 47 and the NSG film 48. 

A photoresist is applied to the entire surface and then 
patterned, thereby forming a resist mask PR in which an opening 
OP is formed at the center of the n+ impurity region layer 45A 
as shown in Fig . 17 . The n+ impurity region layer 45A is etched 
with using the resist mask as a mask , to form a recess which passes 
through the layer . 

A p- type impurity is injected into the entire surface 
while the resist mask PR remains to exist, so that the body region 
layer 44 consisting of the p+ impurity diffusion region is formed 
below the recess as shown in Fig. 13. 

The resist mask PR is then removed away, a film of a metal 
such as aluminum is formed on the entire surface, and the metal 
film is patterned, with the result that the trench type power 
MOSFET having the structure of Fig . 12 is formed. 

According to the method of fabricating a trench type power 
MOSFET of the embodiment, unlike the prior art, none of resist 
masks are used when the source region and the body region are to 
be formed, and, the body region is formed by selectively etching 
the n+ impurity region layer to be source region 45 , forming a 
trench which reaches to the channel region 43 , and injecting a 
p+ impurity into the bottom of the trench. 



Therefore , fine patterning can be performed. This 
produces an advantage that the cell density can be further 
increased. 

In the entire process of the production method, a 
photomask is required only in the following four steps : 

1) the step of forming the patterning mask for forming 
the trench , 

2} the step of forming the patterning mask for forming 
the gate electrode (Fig. 14) , 

3) the step of forming the mask for forming the recess 
for forming the body region {Fig. 17} , and 

4) the step of forming the mask for forming the wiring 

layer . 

Therefore, the problems in that the number of mask steps and 
accompanying steps is very large , that the production process is 
complicated, and that the production cost is high can be 
suppressed as much as possible. 

In the first to third embodiments, the gate electrode is 
made of polysilicon . The invention is not restricted to 
polysilicon. Alternatively , for example , polycida or a metal may 
be used. Further plurality of the power MOSFETs can be integrated 
on a cell region of a substrate in a matrix structure . In the 
structure, one of gate electrode or source region is formed in 
a lattice structure , and the other is formed so as to be a plurality 
of independent regions . 



Furthermore, it is a matter of course that the conditions 
such as the thickness of various films and the like are not limited 
to the above-mentioned values . 

As described above, according to the method of fabricating 
a semiconductor device of the invention, an impurity of a second 
conduction type is implanted into a surface layer of the drain 
layer of the first conduction type with using a gate electrode 
as a mask, thereby forming a channel region layer, an impurity 
of a first conduction type is introduced (implanted) into the 
channel region layer with using the gate electrode as a mask, 
thereby forming a impurity region of the first conduction type, 
a third insulating film which covers the surface of the impurity 
region , side walls of the gate insulating film, the gate electrode, 
and the second insulating film, and the upper face of the second 
insulating film is formed, the third insulating film is etched 
back to form a side wall insulator consisting of the third 
insulating film, on side walls of the gate insulating film, the 
gate electrode, and the second insulating film, and impurity 
region is etched to form a recess, thereby forming a source region 
layer consisting of a part of the impurity region. 

Therefore, in the photolithography process of forming a 
resist mask for patterning, only three photomasks are required 
for the following steps : 

1) the step of forming the mask for forming the thick oxide 
film for the initial bonding pad formed on a peripheral portion 



of the substrate , 

2) the step of forming the patterning mask for forming 
the gate electrode , and 

3) the step of formingthe mask for forming the wiring 

layer . 

According to this configuration, as compared with the 
prior art production method in which six photomasks are used in 
the production of a planar type power MOSFET, the number of mask 
steps and accompanying steps can be largely reduced, the labor 
of the production process can be reduced, and the production cost 
can be largely lowered. 

According to the other method of fabricating a 
semiconductor device of the invention, an impurity of a first 
conduction type is implanted into the channel region layer with 
using the gate electrode as a mask, thereby forming a impurity 
region of the first conduction type, a third insulating film is 
formed on the entire surface , the third insulating film is etched 
back to form a side wall insulator which covers side walls of the 
gate insulating film, the gate electrode , and a first insulating 
film, a photoresist is applied to the entire surface, exposure 
and developing processes are performed to form an opening at a 
center portion of the impurity region , an etching is performed 
with using the resist film as a mask to form a recess which passes 
through the center portion of the impurity region and reaches 
a channel layer, and a source region layer consisting of a part 
of the impurity region, an impurity of a second conduction type 
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opposite to the first conduction type is implanted into a lower 
portion of the recess, with using the resist film as a mask, thereby 
forming a body region layer , and the resist film is removed away. 

Therefore , in the photolithography process of forming a 
resist mask for patterning , only four photomasks are required for 
the following steps : 

1) the step of forming the patterning mask for forming 
the trench , 

2) the step of forming the patterning mask for forming 
the gate electrode , 

3) the step of forming the mask for forming the recess 
for forming the body region , and 

4) the step of forming the mask for forming the wiring 

layer . 

According to this configuration, as compared with the 
prior art production method in which six photomasks are used, in 
a production of a trench type power MOSFET , a photomask step and 
a c comp any i n g steps can be omitted. Therefore, the problems of 
the prior art in that the production process is complicated, and 
that the production cost is high can be suppressed as much as 
possible . 
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